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OPTICAL VIEWFINDER FOR COSTUME
HEADS

BACKGROUND

1. Field of the Description

[0001] The present description relates, in general, to walk-
around costumes used in entertainment settings such as
theme and amusement parks, at sporting events, and so on.
More particularly, the description relates to an optical view-
finder system or assembly for use in the head of a walk-
around costume to enhance the view of the surrounding
environment or space to a human (“actor” or “performer”)
wearing the walk-around costume.

2. Relevant Background

[0002] Theme and amusement parks and other entertain-
ment venues such as sports stadiums often entertain visitors
by providing characters from movies and other media,
fanciful animals and other creatures, and team mascots.
These characters are provided by human actors or perform-
ers wearing full body or walk-around costumes that often
include a head such that the performer’s head is enclosed
within the costume. Costumed characters in the physical real
world need to be the appropriate height and proportions
relative to their animated or movie counterparts in their story
world.

[0003] Visibility for the human performer wearing the
costume, e.g., a large head over their own head, is an
ongoing challenge to successfully presenting characters
through the use of walk around costumes. In many cases, the
physical costume’s eyes are not conveniently located at the
same height or spacing as a human performer’s eyes. This
makes it difficult for costumed performers to see out of the
costumes, which leads to problems with interacting properly
with nearby observers. The lack of expected interaction is
especially apparent with regard to eye contact between the
costumed character and a nearby person and with regard to
the costumed character’s gaze direction.

[0004] FIGS. 1A and 1B illustrate front and side views,
respectively, of a performer 120 wearing a conventional
costume head 100. In this example, the costume head 100
includes a spherical outer shell 110 with a pair of decorative
eyes 112 between which extends a slit opening or view slit
114. The human performer 120 places the outer shell 110
over their head 121 such that their eyes 122 are facing the
front of the head 100. However, the costume eyes 112 are
merely decorative and are spaced so far apart that they do
not align with a spacing between the human performer’s
eyes 122. The height of the human performer’s eyes 122 do
align, though, with a view slit 114 provided between the
decorative eyes 112 such that the performer 120 can view the
outside space through the view slit 114. Unfortunately, the
view slit 114 is relatively narrow and the human performer’s
eyes 122 are spaced a distance away from the slit 114 in the
shell 110 such that they are provided a relatively limited
view (e.g., a small or narrow field of view (fov)), which can
hinder their interaction with people nearby including making
it difficult to keep proper eye contact and to correctly direct
the gaze of the costume head 100. In some cases, the slit 114
is also covered by fabric or the like to limit observers from
seeing inside the costume head 110, and this further limits
what a performer 120 can see through the slit 114
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[0005] In some costume heads, the human performer/
wearer’s eyes are vertically offset some distance below the
eyes and/or any viewing ports or openings, which makes it
impractical for the performer to view the outside world
directly through such openings in the costume head. FIG. 2
illustrates one conventional solution with costume head 200
that is shown with a schematic cross section to include an
outer shell 210 with a view slit 214. When the head 200 is
worn by a performer 120, their head 121 extends through a
neck opening so that their eyes 122 are vertically offset or
below the view slit 214 by a distance, d, that may be a few
inches or more in some cases.

[0006] To provide a view to the space outside the outer
shell 210, the costume head 200 is fit with a viewing
assembly 240 that includes a video camera 242 with its lens
positioned at or near the view slit 214. The video captured
by the camera 242 is fed to an electronic display (or head
mounted display) 244 positioned below the slit 214 to be
aligned with or in front of the performer’s eye(s) 122, and
a view lens 246 may be provided to enhance the output of
the display 244 for the performer 120. Two near-eye displays
244 may be used present the view of the camera 242 to the
costumed performer 120. The viewing assembly 240 is
useful for providing the performer 120 with a good fov and
line of sight of the outer space but has a number of
limitations when it is implemented and put to heavy use. The
camera 242 often will need repair including battery replace-
ment, and the camera model often will be deprecated with
replacement models becoming less capable and more expen-
sive in some applications. Even with two displays 244 the
viewed images are monoscopic, and, while walking or
during head movements, camera latency causes conflicts
between the viewed scene and the proprioception/vestibular
systems, which often leads to dizziness of the performer 120
and reduced agility.

[0007] Hence, there remains a need for new view finder
for costume heads to redirect the costumed performer’s line
of sight so that they can wear appropriately proportioned
costumes and may look out of the costume head, navigate
the world, and interact with nearby people. Preferably, the
new view finder would be non-electronic to avoid the need
for batteries, wiring, ongoing maintenance and repair, cam-
era latencies, and the possibility of equipment becoming
deprecated.

SUMMARY

[0008] Inbrief, an optical viewfinder is provided for use in
walk-around character and other costumes. The optical
viewfinder is configured for placement in a spherical or
other shaped structural shell of a costume head to be
between a view portal (e.g., any opening in the shell of the
head such as a slit between spaced apart eyes, character eyes
not aligned with the wearer or positioned an undesirable
distance from the wearer’s eye locations, and so no) and the
costume wearer’s eyes. The optical viewfinder is configured
to effectively move the wearer’s eye to the view slit or portal
to achieve a wider field of view (fov).

[0009] For example, the view slit may be vertically offset
(e.g., above) the location of the costume wearer’s or per-
former’s eyes, and it may be useful for the optical viewfinder
to function as a periscope while addressing issues with
image flipping. This can be handled in a number of ways in
the optical viewfinder such as: (a) adding a relay to a
periscope-type configuration (so have two relays) to “flip the
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flip”; (b) use a roof pentaprism or pentamirror to provide
correct flip; and (c) include an optical loop with mirrors or
the like.

[0010] In general, the optical viewfinder may be config-
ured to provide a larger eye box (where person’s eye can see
all views) in the costume head because an incoming lens
and/or aperture image may be copied into head but only
provides quality images at one eye location (e.g., performer
cannot move their eyes about). When using optical relays,
the optical viewfinder may provide one relay per eye to
achieve stereo and/or obtain better focal depth. However, the
inventor recognized that it can be challenging to increase the
size of the eye box and increase fov with reasonably sized
optics, as there is often only a limited about of space inside
a costume head. One solution provided by the new optical
viewfinder is the use of a screen to image the outside world
onto, thereby displaying the image a small distance in front
of the performer’s eye(s), which is then viewed by an
eyepiece to make the image appear at infinity (or a larger
distance) again. The screen may be a diffuser that acts to
scatter light to spread the light so that it looks like it came
from a larger aperture (not just a copy of the incoming light
from the view slit/portal). Use of a screen (or one screen per
eye) can result in some loss of depth and/or some loss of
brightness. To address this issue, a field lens may be pro-
vided in the optical viewfinder to redirect some edge light to
add back brightness and to manage the size of the eye box.
[0011] With regard to achieving an enlarged fov, the
optical viewfinder of the costume head can include a special
eyepiece. For example, a fisheye lens may be used to deliver
the image to the performer’s eye, and, in some cases, a
second fisheye lens may be provided as the incoming or
near-aperture lens to enhance fov. The fisheye lens or lenses
may be 1-to-1 lenses or configured to provide magnification
to enlarge the image provided to the person wearing the
costume head. In some embodiments, the fisheye or other
lenses (such as an aperture or incoming light lens) may be
shifted to move the fov such as by directing the incoming
light/image lens downward to allow the performer to more
easily see the ground around them and to see objects and
people that are below eye level such as nearby children to
enhance desired interaction between the costumed character
and nearby observers.

[0012] More particularly, a costume head is provided that
is adapted for enhanced visibility. The costume head
includes an outer shell defining an interior space for receiv-
ing a head of a human performer. The outer shell includes an
aperture allowing incoming light from an exterior space
outside the outer shell to enter the interior space, and an eye
location for the human performer is spaced apart from the
aperture when the head is received in the interior space. To
provide an enlarged field of view (fov), the costume head is
fitted with an optical viewfinder assembly disposed within
the interior space of the outer shell between the aperture and
the eye location. The optical viewfinder assembly is adapted
for receiving the incoming light and transmitting the incom-
ing light to the eye location to move a viewpoint of the
human performer to or proximate to the aperture, whereby
the human performer is provided a larger field of view of the
exterior space.

[0013] Insome embodiments of the costume head, the eye
location is coplanar with a center axis of the aperture, e.g.,
in use of the head the eye of the performer is only offset in
depth. In such cases, the optical viewfinder assembly may be
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provided as a non-inverting optical relay. Particularly, the
non-inverting optical relay may include an objective lens
positioned adjacent an outlet of the aperture into the interior
space and further may include a field lens spaced apart from
the objective lens providing a flip of an image output by the
objective lens. In other cases, though, the non-inverting
optical relay may include an inverting prism proximate to an
outlet of the aperture into the interior space for receiving the
incoming light, and the relay may further include, between
the eye location and the inverting prism, a pair of spaced
apart lenses with a screen positioned between the pair of
spaced apart lenses for displaying a non-inverted image to
the eye location, whereby an eye box of the human per-
former is increased in size.

[0014] Inother embodiments of the costume head, the eye
location is offset both a vertical distance and a horizontal
distance from an outlet of the aperture into the interior space.
In such cases, the optical viewfinder assembly may take the
form of a non-inverting optical periscope configured to
move the viewpoint upward and forward to the outlet of the
aperture. In some implementations, the non-inverting optical
periscope may include an objective lens proximate to the
outlet of the aperture for receiving the incoming light, an
eyepiece proximate to the eye location adapted to re-colli-
mate the incoming light, and an optical relay between the
objective lens and the eyepiece directing the incoming light
output by the objective lens downward into the interior
space to a horizontal plane coplanar with the eye location.
Further, in such implementations, the optical relay may
include a screen (e.g., a diffuser element) receiving the
incoming light output from the objective lens and displaying
an image, whereby an eye box of the human performer is
increased in size. Still further, the objective lens and the
eyepiece may each be provided as a fisheye lens, whereby
the field of view is further increased in size.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIGS. 1A and 1B illustrate front and side views of
a costume head within conventional viewing of exterior
spaces through view ports or a view slit when costume eyes
are non-aligned with performer’s eyes;

[0016] FIG. 2 illustrates a schematic sectional view of a
costume head with a camera-based viewing assembly as
implemented in prior walk around costumes;

[0017] FIG. 3 is a side sectional view illustrating sche-
matically a costume head including a first embodiment of an
optical viewfinder assembly of the present description;

[0018] FIG. 4 is a side sectional view, similar to FIG. 3,
illustrating schematically a costume head including a second
embodiment of an optical viewfinder assembly of the pres-
ent description;

[0019] FIG. 5 is a schematic side view of a portion of a
costume head with a third embodiment of an optical view-
finder assembly of the present description;

[0020] FIG. 6 is a schematic side view of a portion of a
costume head with a fourth embodiment of an optical
viewfinder assembly of the present description; and

[0021] FIG. 7 is a schematic side view of a portion of a
costume head with a fifth embodiment of an optical view-
finder assembly according to the present description.
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DETAILED DESCRIPTION

[0022] Briefly, an optical viewfinder assembly or system
(or “optical viewfinder”) is described that is particularly well
suited for use in a head of a walk around or character
costume. It can be positioned between a view slit or aperture
(e.g., any opening in an otherwise opaque shell or head
structure of a costume) and an expected position of an eye
or eyes of a person wearing the costume (e.g., a wearer or
a performer). The optical viewfinder is used to view an
upright image of the view taken at (and through) the costume
head’s eyes or view slit.

[0023] In one useful embodiment, the optical viewfinder
may include a lens that is located at the costume’s view slit,
and the view of the outside world from the perspective of
this incoming (or aperture or objective) lens is redirected 90
degrees (and flipped) in some cases by a roof pentaprism to
form an upright image onto a diffusing screen. The viewer
or performer looks at the image on the screen after it is
bounced off a 45-degree mirror and through an eyepiece (or
output lens). The eyepiece is configured to place the image
at “infinity” and allows comfortable viewing of the diffusing
screen close to the eye of the viewer. The 45-degree mirror
and makes the viewpoints of the eye and the aperture or
objective lens in the same direction, just offset a distance
vertically (e.g., a vertical offset distance from the aperture/
eye slit and the location of the wearer’s eyes). The viewer/
wearer sees a 1:1 upright image of the outside world (or one
that is magnified if desired by changing the ratio of the
objective and eyepiece lenses) from the offset viewpoint at
the costume head’s eyes or view slit. Two systems, one for
each eye, may be used to provide stereoscopic viewing so
the viewer can see the world outside the costume head in 3D.
[0024] FIG. 3 is a side sectional view illustrating sche-
matically a costume head 300 including a first embodiment
of'an optical viewfinder assembly 350 of the present descrip-
tion. The costume head 300 includes an outer or structural
shell or helmet 310 defining in interior space 311 for
receiving the head 306 of a human performer/actor 305 (or
wearer of a costume including the head 300). The costume’s
shell 310 (which is spherical in this non-limiting example)
includes an aperture or view slit 312, which allows light 309
from the space outside head 300 to enter the interior space
311 of the shell 310. In this example, the performer’s head
306 is positioned within the interior space 311 such that their
eyes 308 are vertically aligned with the view slit 312 but,
due to the large size of the head’s shell 310 the view slit 312
is separated a relatively large distance, dj,,, s, in depth
from the view slit 312 (e.g., one to several inches or more
separation is common in costume heads).

[0025] In this implementation, the optical viewfinder
assembly 350 is disposed or positioned between the view slit
312 and the expected location of the viewer’s eyes 308 when
they are wearing the head 300. In typical use, the slit 312,
the assembly 350, and the eye’s 308 are aligned or generally
coplanar. The optical viewfinder assembly 350 is configured
to function to move the viewpoint of the eye or eyes 308 to
the location of the view slit 312 (or its outlet into the space
311) or to eliminate the depth separation distance, dp,, ., ;s
to provide a larger field of view with incoming light 309. To
this end, the assembly 350 may include components to form
a non-inverting optical relay.

[0026] In one embodiment as shown in FIG. 3, the assem-
bly 350 includes a first or aperture lens 352 positioned at or
proximate (e.g., within 1 inch) of the view slit 312 (or its
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outlet into the space 311) and a second lens 354 proximate
(e.g., within 3 inches) to the eye or eyes 308 of the performer
305. The lenses 352, 354 are arranged to be aligned or to be
coaxial and function, in part, to provide focus so that the eye
308 perceives the light 309 as if at the aperture/view slit 312.
Further, the lenses 352, 354, which may be an objective lens
and a field or eye piece lens, respectively, act to “flip-the-
flip” (or to flip the flip provided by the first lens 352) so that
the view provided to the eyes 308 of the performer 305 are
not inverted (i.e., so the assembly 350 is a non-inverting
optical relay). A separate set of these components may be
provided in the assembly 350 to provide light concurrently
to both eyes 308 of the performer 305 for stereoscopic
viewing of the surrounding environment.

[0027] FIG. 4 is a side sectional view, similar to that of
FIG. 3, illustrating schematically a costume head 400
including a second embodiment of an optical viewfinder
assembly 460 of the present description. The costume head
400 again includes an outer or structural shell or helmet 410
defining in interior space 411 for receiving the head 406 of
a human performer/actor 405 (or wearer of a costume
including the head 400). The head shell 410 (which is
spherical in this non-limiting example) includes an aperture
or view slit 412, which allows light 409 from the space
outside head 400 to enter the interior space 411 of the shell
410. In this example, the performer’s head 406 is positioned
within the interior space 411 such that their eyes 408 are
vertically offset a distance, dy;, s, , from the view slit 312
(or from a horizontal plane extending through the center of
the slit 412 or from the bottom/lower edge of the slit 412).
Further, as was the case for head 300 of FIG. 3, due to the
large size of the head’s shell 410, the view slit 412 is
separated a relatively large distance, dj,,; s, in depth
from the view slit 412 (e.g., one to several inches or more
separation is common in costume heads).

[0028] In this implementation, the optical viewfinder
assembly 460 is disposed or positioned between the view slit
412 and the expected location of the viewer’s eyes 408 when
they are wearing the head 400. The optical viewfinder
assembly 460 is configured to function to move the view-
point of the eye or eyes 408 to the location of the view slit
412 (or its outlet into the space 411) or up and forward to the
view slit 412 (i.e., to eliminate or reduce the depth separa-
tion distance, dp,,,, s, and the vertical separation distance,
dyzyr sep» 10 provide a larger field of view with incoming
light 409. To this end, the assembly 450 may include
components to form a non-inverting optical periscope.

[0029] In one embodiment as shown in FIG. 4, the assem-
bly 460 includes a first or aperture lens 462 positioned at or
proximate (e.g., within 1 inch) of the view slit 412 (or its
outlet into the space 411), and this may be provided as an
objective lens. The assembly 460 further includes an optical
relay that provides the flip of the image from the first/input
lens 462, and, as shown, the relay may include a pair of
spaced-apart 45-degree mirrors 464 (such as roof penta-
prisms or pentamirrors), a downstream field lens 466, and a
third 45-degree mirror (such as a fold mirror or the like). The
non-inverting optical periscope 460 may further include an
eyepiece or output lens 469 receiving light from the relay
and positioned proximate (e.g., within 3 inches) to the eye
or eyes 308 of the performer 305, and the lens/eyepiece 469
may be configured or chosen to re-collimate the light 409 so
that it is sensed by the eye 408 as being at infinity. A separate
set of these components may be provided in the assembly



US 2021/0096350 Al

460 to provide light concurrently to both eyes 408 of the
performer 405 for stereoscopic viewing of the surrounding
environment.

[0030] In some cases, it may be desirable to increase the
size of the eye box provided to the performer inside the
costume head. FIG. 5 is a schematic side view of a portion
of'a costume head 500 with a third embodiment of an optical
viewfinder assembly 520 of the present description, which
may be used in place of the assembly 350 of FIG. 3.
Particularly, the assembly 520 may be disposed or posi-
tioned within a shell of the costume head 500 so as to be
between a view slit/aperture 510 in the head’s shell and an
expected location of a performer’s eye 508 (when they are
wearing the head 500), and, as discussed with reference to
FIG. 3, this eye location is vertically aligned with the view
slit 510 but offset in depth some distance so that it is
desirable to move the view point to coincide with the
location of the slit 510. Further, though, the optical view-
finder 520 may be configured to increase the size of the eye
box in which the eye 508 is to be positioned during use of
the costume head 500.

[0031] To achieve these two functional goals, the assem-
bly 520 includes an inverting prism 522 positioned at or
proximate to the outlet of the view slit/aperture 510 to
receive incoming light 506 such as light reflected off an
object 504 in the surrounding space (space outside the head
500). Downstream of the inverting prism 522 (e.g., a
Pechan-Schmidt or Dove prism), an objective lens 524 is
provided that flips the image and focuses the light from the
prism 522 onto a screen 526 (e.g., a diffusing screen element
such as a field lens with ground glass on an image or focal
plane, a transparent OLED to allow presentation of aug-
menting data/information and/or images to the performer,
and the like). An image 527 is displayed upon or visible by
the eye 508 on the screen 526 (which may be 1 to 3 inches
or more from the eye 308), and the screen 526 is useful for
increasing the size of the eye box containing the eye 508. An
eyepiece or output lens 528 is provided between the screen
526 and the location of the eye 508 to re-collimate the light
506 from the screen 526 so that the screen image 527
appears at infinity. One screen 526 may be used for both eyes
508 or the optical components of the assembly 520 may be
duplicated to provide stereoscopic viewing.

[0032] FIG. 6 is a schematic side view of a portion of a
costume head 600 with a fourth embodiment of an optical
viewfinder assembly 620 of the present description, which
may be used in place of the assembly 460 of FIG. 4. The
assembly 620 may be disposed or positioned within a shell
of the costume head 600 so as to be between a view
slit/aperture 610 in the head’s shell and an expected location
of a performer’s eye 608 (when they are wearing the head
600), and, as discussed with reference to FIG. 4, this eye
location is vertically offset some distance with the view slit
610 and offset in depth some distance so that it is desirable
to move the view point forward and upward to coincide with
the location of the slit 610. Further, the optical viewfinder
620 is configured to increase the size of the eye box in which
the eye 608 is positioned during use of the costume head
600.

[0033] To achieve these functional goals, the assembly or
periscopic viewfinder 620 includes a first or aperture lens
622 (e.g., an objective lens) positioned at or proximate to the
outlet of the view slit/aperture 610 that initially receives the
incoming light 606 that passes through the slit 610 (e.g.,
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light reflected off of the surfaces of an object 604 in the
space about the costume head 600). The lens 622 focuses the
light onto a first 45-degree mirror 624 (e.g., a pentaprism or
pentamirror), which directs the light downward into the
interior head space (e.g., toward the lower vertical position
of the eye 608). The reflected light passes through a pair of
spaced apart lenses to provide proper image orientation and
that act to focus the light onto a screen 630 so as to
display/create an image on the screen 634 of the object 604.
Light associated with the displayed image 630 is then
reflected off a second 45-degree mirror 636 to pass through
a fourth or output lens 638 proximate (e.g., 1 to 3 inches
from) the performer’s eye 608. The lens 638 acts to re-
collimate the light so the image 634 is perceived by the
performer as being at infinity.

[0034] In some periscope implementations (e.g., when the
eye is vertically offset from the aperture), it is desirable to
increase the field of view (fov) without the need for or use
of larger optics (or optics taking up more space in the
costume head). In this regard, FIG. 7 is a schematic side
view of a portion of a costume head 700 with a fifth
embodiment of an optical viewfinder assembly 710 of the
present description, which may be used in place of the
assembly 460 of FIG. 4 or assembly 620 of FIG. 6. The
assembly 710 may be disposed or positioned within a shell
of the costume head 700 so as to be between a view
slit/aperture 705 in the head’s shell and an expected location
of a performer’s eye 708 (when they are wearing the head
700), and, as discussed with reference to FIGS. 4 and 6, this
eye location is vertically offset some distance with the view
slit 705 and offset in depth some distance so that it is
desirable to move the view point forward and upward to
coincide with the location of the slit 705. Further, the optical
viewfinder 710 is configured to increase the fov without
larger optics.

[0035] To achieve these functional goals, the assembly or
periscopic viewfinder 710 includes a first or aperture lens
711 (e.g., an objective lens) and a relay 720 including lenses
721, 722, and 723, an inverting fold-mirror (penta-mirror or
the like) 724, a scattering screen 736, and a mirror eyepiece
740 including a beam-splitter 742 and a concave mirror 741.
The first objective lens 711 is positioned at or proximate to
the outlet of the view slit/aperture 705 that initially receives
the incoming light 706 that passes through the slit 705 (e.g.,
light from the space outside the head 700). The lens 711
focuses the light, from a field of view angle, a, forming an
image of the outside scene of width, w, onto an optical relay
721, 722, and 723 that directs the light downward into the
costume head toward the vertical location of the eye 708,
and the optical relay 720 may take the form of lenses 721,
722, and 723 with a fold mirror (e.g., a pent-prism) 724
positioned therebetween.

[0036] The optical relay 720 directs the light from the
objective lens 711 onto a screen 736 so as to display/create
an enlarged image on the screen 736 (e.g., up to a size 2w
or larger). Additional optional modulators, such as an emis-
sive transparent OLED or an absorbing liquid crystal display
(LCD) 735 may be collocated at the screen 736 to provide
augmented imagery or to provide occlusion effects. Each
point on the screen 736 is scattered through an angle, p',
which is larger than the initial beam angle, p3, focused by
objective lens 711 through its small aperture. The scattering
from screen 736 makes each point on screen appear as if it
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was collected from a larger aperture or objective lens
(although with less light intensity).

[0037] Light associated with any displayed image is then
reflected off another 45-degree beamsplitter 742, and it is
collimated by concave mirror 741 so that it passes through
the beamsplitter 742 to the viewer’s eye 708. The combi-
nation of beamsplitter 742 and concave mirror 741 form a
reflective eyepiece, also known as bird-bath objective. The
beamsplitter 72 may be provided with a polarization selec-
tive mirror and a Y-wave retarder so that polarized light
may efficiently pass through the system without light loss
associated with a 50/50 beamsplitter. An off-axis parabolic
reflector or a refractive lens could also be used as the
eyepiece. Reflective mirrors may have smaller focal length
to aperture size ratios than refractive lenses and do not suffer
from chromatic aberrations.

[0038] The light from the small aperture but short focal
length objective 711 forms a small image of width, w, and
small divergence, f§, but with a large field of view, a. The
small width, w, and small divergence, f3, allows smaller size
optics to relay the image to the screen 736. The relay also
enlarges the image at screen 736 to a larger width (e.g., 2w)
but with even smaller divergence, p'. However, the screen
scatters the light from each point increasing the divergence
to B". The eyepiece optics 740 accepts the light from the
screen 736 and collimates the light for the eye 708. The
reflective eyepiece optics 740 also folds the light 90 degrees
and provides a desirable image flip to provide an upright
image to the viewer.

[0039] The field of view, o', provided to the eye 708 by the
eyepiece optics 740 is related to the image width (e.g., 2w)
on the screen 736 (or aperture of the eyepiece) and the focal
length of the eyepiece optics 740. The eyebox (or the region
where the eye 768 may see a complete image) is governed
by the aperture, focal length, and divergence. The focal
length to aperture ratio (f/#) may be chosen for the eyepiece
740 to be equal to that of the objective lens 711 so the field
of view, o, provided to the viewer is the same as the field
of view, o, at the slit 711. Since the image at the screen 736
formed by the relay 720 (and accepted by the eyepiece 740)
is larger than the image formed by the objective 711, the
focal length of the eyepiece 740 should be proportionally
longer so the eyepiece and objective have the same focal
length to aperture ratio (f/#) and field of view.

[0040] The reflective eyepiece 740 has a proportionally
much larger aperture than the objective 711 to accept the
larger divergence, ", from the scattering screen 736. Hence,
the eyepiece 740 provides a larger eyebox than would be
possible without the scattering screen 736. The eyepiece
740, which is positioned (e.g., 1 to 3 inches from) the
performer’s eye 708. The eyepiece lens 740 collimates a
wide screen image with a large divergence, which allows the
viewer to see a natural wide field of view image in a large
eyebox through a compact system.

[0041] Although the invention has been described and
illustrated with a certain degree of particularity, it is under-
stood that the present disclosure has been made only by way
of example, and that numerous changes in the combination
and arrangement of parts can be resorted to by those skilled
in the art without departing from the spirit and scope of the
invention, as hereinafter claimed.

[0042] For example, one or more of the optical viewfind-
ers of FIGS. 3-7 may be implemented using fold mirrors
with optical power (e.g., like a concave mirror or an off-axis
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parabolic mirror) in place of separate lenses and/or fold
mirrors. This would reduce weight and may also reduce
chromatic aberrations associated with lenses. As specific
exemplary implementation, the system 400 of FIG. 4 may be
modified by combining the lens 462 and one of the fold
mirrors 464 into a single tilted concave mirror or an off-axis
parabolic mirror. A similar modification may be provided to
replace or implement the mirror 468 and the eyepiece 469 in
FIG. 4.
[0043] The optical viewfinder of FIGS. 3-7 is all optical,
and the world view through the optics has no latency or other
video-related defects (e.g., blooming, saturation, and the
like) associated with video see-through camera-based dis-
plays. Without electronics, the all-optical viewfinder is
robust and future proof. The designed system also has no
total optical power so there is no magnification, with a 1:1
image, allowing proper judgment of size and distance (ex-
cept for the vertical offset from the periscope). The cos-
tumed performer can naturally see 3D to judge distances
allowing them to comfortably and confidently walk around
in and interact with the real world environment. Lack of
magnification and the viewing of the scene on a diffusing
screen also prevents light sources from being concentrated
into the eye.
I claim:
1. A costume head adapted for enhanced visibility, com-
prising:
an outer shell defining an interior space for receiving a
head of a human performer, wherein the outer shell
includes an aperture allowing incoming light from an
exterior space outside the outer shell to enter the
interior space and wherein an eye location for the
human performer is spaced apart from the aperture
when the head is received in the interior space; and

an optical viewfinder assembly disposed within the inte-
rior space of the outer shell between the aperture and
the eye location and adapted for receiving the incoming
light and transmitting the incoming light to the eye
location to move a viewpoint of the human performer
to or proximate to the aperture, whereby the human
performer is provided a larger field of view of the
exterior space.

2. The costume head of claim 1, wherein the eye location
is coplanar with a center axis of the aperture and wherein the
optical viewfinder assembly comprises a non-inverting opti-
cal relay.

3. The costume head of claim 2, wherein the non-inverting
optical relay comprises an objective lens positioned adjacent
an outlet of the aperture into the interior space and further
comprises a field lens spaced apart from the objective lens
providing a flip of an image output by the objective lens.

4. The costume head of claim 2, wherein the non-inverting
optical relay comprises an inverting prism proximate to an
outlet of the aperture into the interior space for receiving the
incoming light and further comprises, between the eye
location and the inverting prism, a pair of spaced apart
lenses with a screen positioned between the pair of spaced
apart lenses for displaying a non-inverted image to the eye
location, whereby an eye box of the human performer is
increased in size.

5. The costume head of claim 1, wherein the eye location
is offset a vertical distance and a distance in depth from an
outlet of the aperture into the interior space and wherein the
optical viewfinder assembly comprises a non-inverting opti-



US 2021/0096350 Al

cal periscope configured to move the viewpoint upward and
forward to the outlet of the aperture.

6. The costume head of claim 5, wherein the non-inverting
optical periscope comprises an objective lens proximate to
the outlet of the aperture for receiving the incoming light, an
eyepiece proximate to the eye location adapted to re-colli-
mate the incoming light, and an optical relay between the
objective lens and the eyepiece directing the incoming light
output by the objective lens downward into the interior
space to a horizontal plane coplanar with the eye location.

7. The costume head of claim 6, wherein the optical relay
comprises a screen receiving the incoming light output from
the objective lens and displaying an image, whereby an eye
box of the human performer is increased in size.

8. The costume head of claim 7, wherein the objective
lens and the eyepiece each comprises a fisheye lens,
whereby the field of view is further increased in size.

9. A costume head configured to enhance visibility of
outside spaced by users, comprising:

an outer shell with an interior space for receiving a head

of a human performer so as to position an eye of the
human performer at an eye location, wherein the outer
shell includes a view slit defining a path for incoming
light between the interior space and an exterior space
outside the outer shell and wherein an eye location for
the human performer is spaced apart both a horizontal
distance and a vertical distance from the aperture when
the head is received in the interior space; and

an optical viewfinder assembly disposed within the inte-

rior space of the outer shell between the aperture and
the eye location and adapted for receiving the incoming
light and transmitting the incoming light to the eye
location to move a viewpoint of the human performer
forward toward and upward toward the aperture,
whereby the human performer is provided a larger field
of view of the exterior space.

10. The costume head of claim 9, wherein the optical
viewfinder assembly comprises a non-inverting optical peri-
scope.

11. The costume head of claim 10, wherein the non-
inverting optical periscope comprises an objective lens
positioned proximate to the aperture for receiving the
incoming light, an eyepiece proximate to the eye location
adapted to collimate light, and an optical relay between the
objective lens and the eyepiece directing the incoming light
from the objective lens downward into the interior space to
a horizontal plane coplanar with the eye location and the
eyepiece so that the incoming light passes through the
eyepiece prior to reaching the eye location.

12. The costume head of claim 10, wherein the optical
relay comprises a screen receiving the incoming light output
from the objective lens and displaying an image, whereby an
eye box of the human performer is increased in size.

13. The costume head of claim 12, wherein the objective
lens and the eyepiece each comprises a fisheye lens,
whereby the field of view is further increased in size.
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14. A costume head adapted for enhanced user visibility

of exterior spaces, comprising:

a shell with an interior space for receiving a head of a
performer, wherein the outer shell includes a view
portal defining a path for incoming light from an
exterior space into the interior space; and

an optical viewfinder disposed within the interior space of
the outer shell to receive the incoming light and to
direct the incoming light to an eye of the performer
when the head of the performer is positioned in the
interior space, wherein the incoming light is optically
transformed to cause the eye, spaced apart a distance of
at least one inch away from the view portal, to have a
viewpoint at or near the view portal.

15. The costume head of claim 14, wherein the optical
viewfinder comprises a non-inverting optical relay.

16. The costume head of claim 15, wherein the non-
inverting optical relay comprises an objective lens posi-
tioned adjacent an outlet of the aperture into the interior
space and further comprises a field lens spaced apart from
the objective lens providing a flip of an image output by the
objective lens.

17. The costume head of claim 15, wherein the non-
inverting optical relay comprises an inverting prism proxi-
mate to an outlet of the view portal into the interior space for
receiving the incoming light and further comprises, between
a location of the eye and the inverting prism, a pair of spaced
apart lenses with a screen positioned between the pair of
spaced apart lenses for displaying a non-inverted image to
the eye location, whereby an eye box of the performer is
increased in size.

18. The costume head of claim 14, wherein a location of
the eye is offset both a vertical distance and a horizontal
distance from an outlet of the view portal into the interior
space and wherein the optical viewfinder comprises a non-
inverting optical periscope configured to move the view-
point upward and forward to the view portal.

19. The costume head of claim 18, wherein the non-
inverting optical periscope comprises an objective lens
proximate to the view portal for receiving the incoming
light, an eyepiece proximate to the eye location adapted to
collimate light, and an optical relay between the objective
lens and the eyepiece directing the incoming light output by
the objective lens downward into the interior space pass
through the eyepiece prior to reaching the eye location.

20. The costume head of claim 19, wherein the optical
relay comprises a screen receiving the incoming light output
from the objective lens and displaying an image, whereby an
eye box of the performer is increased in size.

21. The costume head of claim 20, wherein the objective
lens and the eyepiece each comprises a fisheye lens,
whereby the field of view is further increased in size.
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